Thermal characterisation of insulating layers in metal core PCB by Klarmann, Steffen et al.











































Klarmann, S., Vagapov, Y. and Gotzig, H. (2021) ‘Thermal characterisation of insulating layers in metal 
core PCB’. In: Proc. 28th Int. Workshop on Electric Drives, Moscow, Russia, 27-29 Jan. 2021, pp. 1-5. 
doi: 10.1109/IWED52055.2021.9376331  
 
 
Abstract—This paper provides a steady-state thermal 
characterisation of advanced insulating layers for isotropic 
electroconductive adhesive based Metal Core Printed Circuit 
Boards. Thermal measurements were conducted using the 
Thermal Transient Tester to analyse the properties of layers 
applied onto two different base materials – aluminium and 
copper. For each base material, four types of insulating layers 
were characterised. Size of the specimen plate for both base 
materials was selected as 100mm x 20mm x 1mm. The 
isotropic electroconductive adhesive was applied onto 
insulating layers to ensure electrical connection between seven 
SMD heat-generating components. These components are 
mounted in the identical distance to each other. The thermal 
characterisation of power SMD components and the 
assembling process based on isotropic electroconductive 
adhesive were evaluated. Application of advanced insulating 
layer was analysed to assess the thermal performance of 
complete MCPCB structure. It has been shown that the lowest 
thermal resistance of the aluminium based insulating layers is 
21.1K/W, whereas the lowest thermal resistance of the copper 
based insulating layer is 15.5K/W.  
Keywords—thermal resistance, MCPCB, electroconductive 
adhesive, advanced insulating layer, T3Ster  
I. Introduction 
High power electronic semiconductors are essential 
components in a wide range of electrical/electronic 
engineering applications nowadays. The increase in the 
power density in such applications makes the thermal 
management the most crucial issue in the electronic design 
procedure. The high junction temperature of components 
affects negatively on the power semiconductor lifetime and 
reliability and, therefore, requires the implementation of 
effective methods to improve the thermal performance of 
cooling systems. In terms of packaging volume reduction, 
the electronic component thermal management systems 
based on printed circuit boards (PCB) properties attracted 
much attention in the last decades [1]. Apart from the main 
PCB functions to provide electrical connection between 
components and its housing, PCB materials are also used as 
a medium to transfer heat generated from high power 
electronic components to the ambient [2]. The thermal 
conductivity of various PCB materials and structures was 
intensively investigated using experimental and numerical 
approaches in the variety of studies [3]-[6]. Several 
manufacturing technologies have been developed and 
proposed to improve the thermal capabilities of PCBs. FR-4 
technology is most common in the electronic industry, 
where PCB based heat sinks and metal filled through-holes 
are widely implemented to improve thermal performance 
[7]. The reduction in thermal resistance of PCB structure 
was also achieved by optimising barrel thickness of through 
holes and amount of copper layers within the PCB structure 
itself [8],[9].  
In contrast to FR-4 PCBs, another, very promising PCB 
manufacturing technology has been discussed in recent 
years. This technology is based on Metal Core PCBs 
(MCPCB) and designed to provide improvement in the 
thermal properties [10]-[12]. However, it has been admitted 
that the most critical part of MCPCB structure is the 
insulating layer [13]. Many recent studies on MCPCB are 
focused on optimising this critical layer in terms of thermal 
performance improvement [14]. For example, the 
embedded heat pipe solutions have been proposed to 
decrease the junction temperature of semiconductors 
in high power applications [15],[16]. The thermal 
performance of advanced insulating layers for aluminium 
based MCPCB has been numerically evaluated in [17]. The 
experimental performance of advanced insulating layers in 
aluminium based MCPCBs for high power applications was 
demonstrated and analysed in [18]. It showed and discussed 
the successfully conducted process of applying high power 
components onto advanced insulating layers with the help 
of isotropic electroconductive adhesive. Consequently, 
MCPCB structure based on advanced insulating layers and 
isotropic electroconductive adhesive was successfully 
tested using a standard automotive grade environmental test 
[18]. 
This paper provides a steady-state thermal 
characterisation of advanced insulating layers for MCPCB 
produced using isotropic electroconductive adhesive. 
Thermal measurements of the layers were conducted using 
Thermal Transient Tester (T3Ster). Insulating layers were 
applied onto two different base materials – aluminium and 
copper. For both base material, four insulating layers were 
characterised. The power semiconductors used for the tests 
are high-power LEDs. 
II.  Experimental Setup 
At the first step, the appropriate layer is applied onto the 
base material. Base material dimension selected for all 
specimen is 100mm x 20mm x 1mm. The actual thickness 
of specimen varies according to the thickness of advances 
insulating layers. Afterwards, the advanced insulating 
layers are investigated using REM/EDX (Scanning 
Electron Microscopy and Energy Dispersive X-ray 
Spectroscopy) methods. At the next step, the isotropic 
electroconductive adhesive is applied onto specimen with 
an advanced insulating layer to ensure an electrical 
interconnection between high-power LEDs. Finally, the 
thermal characterisation of the assembly is conducted using 
T3Ster at the steady-state condition. 
A. Base Materials 
Base materials selected for the test are the most 
common materials for MCPCB: aluminium and copper. For 
the aluminium base, the material Al-5052 was used.  
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The Al-5052 thermal conductivity is Al-5052 = 138 W/m·K. 
Cu-ETP was selected for the copper base material. Cu-ETP  
has the thermal conductivity Cu-ETP = 385 W/m·K. 
B. Advanced Insulating Layers 
A total of eight advanced insulating layers were 
investigated: four insulating layers are applied onto 
aluminium base material, whereas four insulating layers are 
applied onto copper base material. After this step, the 
specimens were encapsulated by epoxy resin to determine 
the microsection of each insulating layer. Finally, the 
thickness was determined at 6 points for each sample. 
Table I provides an overview of base material and 
appropriate insulating layers. Fig. 1 shows the microsection 
of aluminium samples, whereas Fig. 2 demonstrates the 
microsection of copper samples. 
After the determination of every single layer thickness, 
each specimen was characterised using EDX (EDAX 
Apollo SDD). For all measurements, the acceleration 
voltage was equal to 25 kV, and the magnification was at 
70. Table II shows the settings for the appropriate samples. 
Final results of characterisation are shown in Table III.  
C. Electroconductive Adhesive  
The electroconductive adhesive is applied onto every 
single specimen to ensure electrical interconnection 
between the components. Following, seven ThinGaN SMD 
LEDs have been applied in series connection with the 
identical distance between each LED. For all samples 
commercially available Polytec EC-242 was used as 
adhesive. This electroconductive adhesive is a one-
component epoxy based with a silver filler. Maximum 
silver particle size is <30 μm, viscosity is 35,000 mPa/s, 
and glass transition temperature is at Tg = 110°C. Detailed 
electroconductive adhesive technical properties are shown 
in Table IV. The adhesive is applied to base material using 
dispensers Preeflow eco-PEN300 and Vieweg DC200. 
Preeflow eco-PEN300, a rotating precision-volume 
dispenser, has been employed using the following operating 
parameters: the dosing volume per revolution is  
0.012 ml/rev (approx.); the pressure range is 0–6 bar; the 
range of volume flow is 0.12–1.48 ml/min. Dispenser 
Vieweg DC200 operated at the range of the flow rate 
between 0.5 and 6.0 ml/min and the minimum dispensing 
volume of 0.004 ml. The adhesive was dosed on the surface 
of the specimen using Vieweg TE-Series needles having a 
diameter of 0.33 mm. The dispenser has been attached to 
the robot KUKA KR30HA manipulator which operated at 
positioning accuracy of 0.02 mm and speed of 3 mm/s. The 
operating gap between the needle and the surface of the 
specimen was 1.8 mm. The adhesive applications were 
conducted at the humidity condition of 46%RH and 
ambient temperature of 27°C. Fig. 3a illustrates the process 
of isotropic electroconductive adhesive application, 
whereas Fig. 3b shows the installation of SMD components 
onto the specimen. 
Fig. 1.  Microsection of advanced insulating layers on aluminium base 
material. 
(a) CompCoat on Al-5052 (b) CompCoat H on Al-5052 
(c) HardCoat on Al-5052 (d) TAL on Al-5052 
Table I. Thickness of Advanced Insulating Layer. 




1 Al-5052 CompCoat 20 
2 Al-5052 CompCoat H 30 
3 Al-5052 HardCoat 30 
4 Al-5052 TAL 30 
5 Cu-ETP DLC 2 
6 Cu-ETP SL1301 50 
7 Cu-ETP UHT 600 30 
8 Cu-ETP UHT Hydro 10 
Table II. Overview EDX Parameters. 





CompCoat 28.8 30 3.84 127.6 
CompCoat-H 28.8 30 3.84 127.6 
HardCoat 28.8 30 3.84 127.6 
TAL 28.8 30 3.84 127.6 
DLC 35.2 20 0.48 132.0 
SL1301 35.2 20 0.48 132.0 
UHT 600 34.8 20 0.48 132.0 
UHT Hydro 34.8 20 0.48 132.0 
Fig. 2.  Microsection of advanced insulating layers on copper base 
material. 
(c) UHT 600 on Cu-ETP (d) UHT Hydro on Cu-ETP 
(a) DLC on Cu-ETP (b) SL1031 on Cu-ETP 
III. Thermal Characterisation 
A. Complete MCPCB Structure 
Thermal characterisation of samples was conducted 
using T3Ster system. The setup of characterisation was as 
follows: the temperature coldplate is 25°C, the heating 
current is 800mA, the power step is 2.4W, the sensor 
current is 8mA, the heating phase is 100s, the cooling phase 
is 100s. The first measurement was done to determine the 
thermal resistance of the whole path through all layers for 
each LED position. Table V shows the results for 
aluminium samples, whereas Table VI shows the results for 
copper samples respectively. 
Table III. Atomic Element Distribution in Advanced Insulating Layers by EDX. 
  CompCoat (%) CompCoat H (%) HardCoat (%) TAL (%) DLC (%) SL1301 (%) UHT 600 (%) UHT Hydro (%) 
Al 24.5 25.44 27.27 26.89     4.58 0.15 
Ar         0.04       
C         92.41 76.6 24.92 52.17 
Ca           0.14   0.10 
Cl 0.06         0.01 0.11 0.09 
Co           0.01     
Cr   0.02 0.02 0.02 3.04   1.46 1.75 
Cu         1.51 0.11 0.77 1.21 
Fe     0.03 0.02     1.09 2.96 
K       0.01     1.14 0.06 
Mg 1.1 1.17 0.97 0.98     0.22 1.14 
Mn 0.04 0.04 0.04 0.04     0.24 1.02 
Na       0.18       0.53 
O 72.07 70.18 68.96 69.16   23.05 47.52 31.28 
P       0.04   0.05     
S 2.2 3.06 2.46 2.42   0.03   0.04 
Si 0.08 0.08 0.24 0.21 2.99   17.83 7.49 
Ti             0.12   
Table IV. Adhesive Technical Properties. 
Chemical Basis Epoxy 
Number of Components 1 
Density Mix 5.3 g/cm3 
Filler Type Silver 
Maximum Particle Size 30 μm 
Viscosity Mix 35,000 mPa·s 
Shore D 90 
Glass Transition Temperature 110°C 
Specific Volume Resistivity 5·10–5 Ω·cm 









1 30.9 24.9 19.9 25.0 
2 34.3 27.17 17.0 25.9 
3 27.2 27.7 16.8 23.8 
4 34.4 26.2 17.6 30.9 
5 34.1 31.6 33.4 27.7 
6 28.8 33.9 24.0 23.5 
7 40.6 42.7 19.3 29.5 









1 11.7 139 37.2 32.0 
2 10.4 114 35.3 24.0 
3 20.8 133 34.5 29.0 
4 13.9 125 44.5 29.0 
5 13.0 148 42.2 31.0 
6 15.0 145 40.3 27.0 
7 23.7 120 46.0 29.0 
Mean 15.5 132 40.0 28.7 
Table VI. Thermal Resistance of  
Advanced Insulating Copper Layers. 
Table V. Thermal Resistance of  
Advanced Insulating Aluminium Layers. 
Fig. 3.  Application process of MCPCB by KR30HA robot. 
(a) Electroconductive Adhesive (b) SMD Components 
Fig. 4. Path of thermal resistance of MCPCB for T3Ster measurement. 
Rth(Di)Rth(LED) Rth(Ad) Rth(Ba)T1 T2
Fig. 5. T3Ster Results CompCoat on Al-5052. 
Fig. 6. T3Ster Results CompCoat-H on Al-5052. 
Fig. 7. T3Ster Results HardCoat on Al-5052. 
Fig. 8. T3Ster Results TAL on Al-5052. 
Fig. 9. T3Ster Results DLC on Cu-ETP. 
Fig. 10. T3Ster Results SL1301 on Cu-ETP. 
Fig. 11. T3Ster Results UHT 600 on Cu-ETP. 
Fig. 12. T3Ster Results UHT Hydro on Cu-ETP. 
B. Single Layers of MCPCB  
The thermal resistance of LEDs is Rth = 5 K/W with a 
compensated light yield of 31%. The isotropic 
electroconductive adhesive is described to have a thickness 
of t = 50 μm, a contact surface A = 1.6 mm2, and the 
thermal conductivity  = 4.2 W/m·K. As the insulating 
layers vary at each specimen, the values need to be 
evaluated. Fig. 4 depicts the thermal resistance path for 
considered MCPCB in T3Ster setup, where T1 is the 
ambient temperature; T2 the temperature of the base 
material; Rth(LED) is the thermal resistance of the LED; Rth(Ad) 
is the thermal resistance of the isotropic electroconductive 
adhesive; Rth(Di) is the thermal resistance of the advanced 
insulating layer; Rth(Ba) is the thermal resistance of the base 
material. Figs. 5-8 show the result of T3Ster analysis for 
aluminium based samples, whereas Figs. 9-12 depict the 
results for T3Ster analysis of copper samples. 
VI.  Conclusion 
This paper discusses the thermal property practical 
investigation of MCPCB insulating layers. The tests were 
applied for two materials: aluminium and copper, which 
have been used as the base for MCPCB samples. The 
lowest thermal resistance of four aluminium based 
insulating layers was achieved by HardCoat with a mean 
value of Rth = 21.1K/W. The lowest thermal resistance of 
the copper based insulating layer was reached by DLC with 
a mean value of Rth = 15.5K/W. However, the single-layer 
analysis showed that the manufacturing process of 
advanced insulating layers for both aluminium and copper 
MCPCBs has resulted in a high variance. Finally, since the 
thermal resistance for the electroconductive adhesive is not 
evenly distributed, the manufacturing process needs to be 
adapted to achieve homogenous results to be reproducible 
for future mass production of MCPCB. 
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